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St George’s Vascular Institute, St George’s Hospital, London SW17 0QT, UKThe pathogenesis of spinal cord ischaemia following open
surgical repair of thoracoabdominal aortic aneurysms
(TAAAs) has been established over many years and includes
spinal cord ischaemia during aortic clamping, haemody-
namic instability, ischaemiaereperfusion injury, and
reduced intercostal and lumbar perfusion. To reduce the
incidence of spinal cord ischaemia, surgical techniques have
evolved to combat each of these pathological mechanisms.
Open repair of TAAA is now commonly performed on left
heart bypass with distal aortic perfusion, sequential aortic
clamping, intercostal reimplantation, visceral perfusion,
cerebrospinal ﬂuid (CSF) drainage, and the utilisation of
evoked potential monitoring to guide surgical strategies.1
However, the advent of endovascular repair of TAAA has
posed a different set of challenges. While spinal cord injury
remains a signiﬁcant complication,2 the pathogenesis has
not been so extensively studied, and strategies to reduce
the incidence of neurological complications are still being
formulated. Fundamentally, spinal cord ischaemia after
endovascular repair of TAAA appears to be primarily caused
by coverage of the thoracoabdominal aorta with an
endograft that reduces or abolishes ﬂow through the
intercostal and lumbar arteries. Therefore, the causative
mechanism would appear to be primarily ischaemic,
although embolisation has been implicated in some cases of
immediate postoperative paraplegia. As a consequence,
endovascular strategies have evolved in an attempt to
reduce spinal cord injury, although there is no absolute
consensus around a “gold standard” set of procedural and
adjunctive preventive measures.
The primary management strategy for preventing and
treating spinal cord ischaemia is achieving an effective
spinal cord perfusion pressure. The principle determinants
of spinal cord perfusion pressure are the mean arterial
pressure (MAP) and CSF pressure. Most experts would
agree than an effective MAP is essential to prevent spinal
cord ischaemia. The place of CSF drainage (whether routine
or selective) is more controversial, although it appears to be
of beneﬁt in symptomatic patients, and has become
extensively utilised. In light of the ischaemic aetiology of
spinal cord injury, maintenance of existing collateralDOI of original article: http://dx.doi.org/10.1016/j.ejvs.2014.05.020
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in preventing neurological complications. The spinal cord
vascular plexus receives important contributions from the
vertebral and hypogastric arteries, and maintaining perfu-
sion through these vascular beds is likely to inﬂuence
favourably spinal cord perfusion.3
Recently, several authors have suggested that staging
endovascular TAAA procedures may deliver beneﬁts
regarding the prevention of spinal cord ischaemia. Staging
these procedures maintains a degree of aneurysm sac
perfusion through not attempting to obtain complete
aneurysm exclusion during the primary procedure. Staging
may be achieved in one of several ways, including staging
the thoracic and abdominal components; leaving an
anatomical branch unstented (e.g., coeliac or iliac); or
incorporating a dedicated perfusion branch. In between the
procedural stages, the spinal cord is theoretically exposed
to a relative degree of ischaemia, which may then stimulate
collateral formation.4 The endovascular reconstruction may
then be completed at a later date. The second procedure is
usually of a smaller magnitude than the primary procedure
and may be performed under local anaesthesia with evoked
potential monitoring.
In the preceding article, Kasprczak et al.5 describe their
experience with temporary sac perfusion after endovas-
cular repair of TAAA. In comparison with a control group, a
reduction in paraplegia was demonstrated, which was most
marked in patients with more extensive aneurysms. On the
one hand, these results should be interpreted with caution
given the size of the series, the extent of any learning
curve, and the cohort design. On the other hand, the
magnitude of the observed treatment effect with a reduced
incidence and severity of spinal cord injury mandates that
the results be considered to be of considerable potential
signiﬁcance in formulating an effective pathway for pre-
venting spinal cord ischaemia after endovascular repair of
TAAA.
The ﬁndings of Kasprczak et al.5 have been corroborated
by data presented at the 2014 Society of Vascular Surgery
Meeting. O’Callaghan et al. presented results obtained at
the Cleveland Clinic following staged versus single repair of
type II TAAA. The staged group had a spinal cord injury
incidence of 11% (all injuries were temporary). By com-
parison, the incidence of spinal cord ischaemia in the
nonstaged group was 38% (of which 42% were permanent
injuries).6
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warrants further investigation as a means of ameliorating
paraplegia after endovascular TAAA repair. Attention will
need to be directed towards the optimal methodology for
staging these procedures with respect to technique and
timing. Temporary sac perfusion should also be utilised
alongside the existing and evolving armamentarium of
procedures designed to manage spinal cord ischaemia and
should not be considered a substitute for other measures.
In order to deﬁne whether any beneﬁt in reducing neuro-
logical complications is sufﬁcient to overcome the risk of
inadequate aneurysm treatment and subsequent aortic
rupture, future series must report the incidence of both
interval ruptures and a failure to complete the second
procedure.
REFERENCES
1 Estrera AL, Sheinbaum R, Miller 3rd CC, Harrison R, Saﬁ HJ.
Neuromonitor-guided repair of thoracoabdominal aortic aneu-
rysms. J Thorac Cardiovasc Surg 2010;140(6 Suppl.):S131e5.2 Greenberg RK, Lu Q, Roselli EE, Svensson LG, Moon MC,
Hernandez AV, et al. Contemporary analysis of descending
thoracic and thoracoabdominal aneurysm repair: a comparison
of endovascular and open techniques. Circulation 2008;118:
808e17.
3 Czerny M, Eggebrecht H, Sodeck G, Verzini F, Cao P, Maritati G,
et al. Mechanisms of symptomatic spinal cord ischemia after
TEVAR: insights from the European Registry of Endovascular
Aortic Repair Complications (EuREC). J Endovasc Ther 2012;19:
37e43.
4 Geisbusch S, Schray D, Bischoff MS, Lin HM, Griepp RB, Di
Luozzo G. Imaging of vascular remodeling after simulated thor-
acoabdominal aneurysm repair. J Thorac Cardiovasc Surg
2012;144:1471e8.
5 Kasprczak, et al. Temporary aneurysm sac perfusion as an
adjunct for prevention of spinal cord ischaemia after branched
endovascular repair of thoracoabdominal aneurysms. Eur J Vasc
Endovasc Surg 2014. in this issue.
6 O’Callaghan A, Eagleton M, Mastracci T, Bena J. Staged endo-
vascular repair of thoraco-abdominal aneurysms protects
against spinal cord injury. In: Proceedings of the 2014 annual
meeting of the Society of Vascular Surgery, Abstract SS2. p. 89.
